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(54) Turbine with variable inlet nozzle geometry 



(57) A variable geometry turbine (1 ), particularly for 
a supercharger turbocompressor (2) of an internal com- 
bustion engine, comprising an outer housing (3) forming 
a spiral inlet channel (6) for an operating fluid, a rotor 
(4) supported in a rotary manner in the housing (3), and 
an annular vaned nozzle (10) of variable geometry in- 
terposed radially between the channel (6) and the rotor 



(4); the nozzle (10) comprises a pair of vaned rings (12, 
1 3) facing one another a nd provided with respective plu- 
ralities of vanes (1 7, 1 8) tapered substantially as wedg- 
es and adapted to penetrate one another, one (13) of 
which can move axially with respect to the other (12) in 
order to define a variable throat section (11) between 
these vaned rings (12, 13). 
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Description 

[0001] The present invention relates to a variable ge- 
ometry turbine. The preferred, but not exclusive, field of 
application of the invention is in superchargers of inter- 
nal combustion engines, to which reference will be 
made in the following description in a non-limiting man- 
ner. 

[0002] Turbines are known that comprise a spiral inlet 
channel surrounding the rotor of the turbine and a vaned 
annular nozzle interposed radially between the inlet 
channel and the rotor. Variable geometry turbines (VGT) 
are also known in which the vaned annular nozzle has 
a variable configuration so that flow parameters of the 
operating fluid from the inlet channel to the rotor can be 
varied. According to a known embodiment, the variable 
geometry nozzle comprises an annular control member 
moving axially to vary the throat section, i.e. the working 
flow section, of this nozzle. This annular control member 
may be formed, for instance, by a vane support ring from 
which the vanes extend axially and which can move ax- 
ially between an open position in which the vanes are 
immersed in the flow and the throat section of the nozzle 
is maximum, and a closed position in which the ring par- 
tially or completely closes the throat section of the noz- 
zle. During the forward movement of the ring, the vanes 
of the nozzle penetrate through appropriate slots in a 
housing provided in the turbine housing in a position fac- 
ing this ring. 

[0003] Variable geometry nozzles of the type de- 
scribed briefly above have a number of drawbacks. 
[0004] First, the vanes necessarily have to have a 
"straight" profile, i.e. constant in the axial direction, with- 
out any torsion or variation of pitch angle. If not, the axial 
movement of the vanes in the respective slots would be 
possible only by providing substantial play between the 
vanes and the slots, which would be detrimental to the 
efficiency of the nozzle. 

[0005] In addition to the design limits discussed 
above, nozzles with straight vanes sliding in respective 
slots are subject to problems of seizing; in practice even 
small geometrical errors due to manufacturing toleranc- 
es or heat distortions during operation may cause the 
nozzle to seize. 

[0006] The objectof the present invention is to provide 
a turbine with a vaned nozzle provided with an axially 
moving control member which is free from the draw- 
backs connected with known turbines and described 
above. 

[0007] This object is achieved by the present inven- 
tion which relates to a variable geometry turbine com- 
prising a housing, a rotor supported in a rotary manner 
in this housing, the housing defining an inlet channel for 
an operating fluid in the form of a spiral surrounding the 
rotor, and an annular vaned nozzle of variable geometry 
interposed radially between the channel and the rotor 
so as to control the flow of the operating fluid from the 
channel to the rotor, characterised in that the annular 
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vaned nozzle of variable geometry comprises a first 
vaned ring and a second vaned ring facing one another, 
each of the vaned rings comprising an annular member 
and a plurality of vanes rigidly connected to the annular 

5 member and extending towards the annular member of 
the other vaned ring, the vanes being tapered substan- 
tially as wedges so that the two pluralities of vanes may 
penetrate one another, at least one of the vaned rings 
being axially mobile with respect to the other vaned ring 

10 in order to define a variable throat section between the 
vaned rings. 

[0008] The invention is described below with refer- 
ence to a number of preferred embodiments, given by 
way of non-limiting example, and illustrated in the ac- 
15 companying drawings, in which: 

Fig. 1 is an axial section through a variable geom- 
etry turbine of the present invention; 
Fig. 2 is a perspective view of a nozzle of the turbine 
20 of Fig. 1; 

Fig. 3 is a lateral elevation of the nozzle of Fig. 2; 
Fig. 4 is a section through the nozzle along the line 
IV-IVof Fig. 3; 

Fig. 5 is a section through the nozzle along the line 
25 V-V of Fig. 4 in a maximum closed configuration; 

Fig. 6 is a partial section through the nozzle along 
the lineVI-VI of Fig. 5; 

Figs. 7. 8 and 9 are sections corresponding to that 
of Fig. 6 and show embodiments in which the ge- 
30 ometry of the nozzle varies. 

[0009] In Fig. 1 , a variable geometry turbine is shown 
overall by 1 ; the turbine is advantageously used in a tur- 
bocompressor 2 (shown in part) for supercharging an 
35 internal combustion engine. 

[0010] The turbine 1 essentially comprises a housing 
3 and a rotor 4 of axis A supported in a rotary manner 
about the axis A and rigidly connected with a drive shaft 
5 of a compressor (not shown). The housing 3 defines, 
40 in a known manner, a spiral inlet channel 6 surrounding 
the rotor 4 and provided with an inlet opening 7 adapted 
to be connected to an exhaust manifold (not shown) of 
the engine. The housing 3 further defines an axial outlet 
duct 8 for the exhaust gases at the outlet of the rotor 4. 
45 [0011] The turbine 1 lastly comprises a vaned annular 
nozzle 10 of variable geometry which is interposed ra- 
dially between the inlet channel 6 and the rotor 4 and 
defines a throat section 11 , i.e. aworking section of min- 
imum flow of the nozzle 1 0, which can be varied to con- 
so trol the flow of exhaust gases from the inlet channel 6 
to the rotor 4. 

[0012] According to the present invention (Figs. 2 and 
3), the nozzle 10 is formed by a pair of annular vaned 
rings 12, 13 which face one another axially and axially 
55 bound the throat section 1 1 of the nozzle 1 0. 

More particularly, the two vaned rings 12, 13 comprise 
respective annular members 15, 16 and respective plu- 
ralities of vanes 17,18 rigidly connected to the respec- 
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tive annular members 15, 16. The vanes 17, 18 of each 
vaned ring 1 2, 13 extend axially from the respective an- 
nular member 15, 16 towards the annular member 16, 

15 of the other vaned ring 13, 12 and are tapered sub- 
stantially as wedges such that the two pluralities of 
vanes 17, 18 can penetrate one another. 

[0013] The vaned ring 12 is secured to the housing 3 
of the turbine 1 ; the vaned ring 1 3 can move axially with 
respect to the ring 12 in order to vary the throat section 
11 of the nozzle 10. 

[0014] Preferably, the annular member 16 of the 
vaned ring 13 is disposed to slide in a leak-tight manner 
in an annular chamber 20 provided in the housing 3 (Fig. 
1 ) and forms an annular piston of a pneumatic actuator 
21 for the control of the throat section 11 of the nozzle 
1 0. The axial position of the vaned ring 1 3 can therefore 
be directly controlled by varying the pressure in the 
chamber 20. 

[0015] With reference to Figs. 5 and 6, the vanes 17, 
1 8 are shaped so as to mesh with one another in a com- 
pletely closed configuration of the nozzle 10, in which 
the vaned ring 13 is in the position of maximum axial 
advance and is disposed in contact with the vaned ring 
1 2. The vanes 1 7, 1 8 are disposed in a substantially tan- 
gential direction on the respective annular members 1 5, 

16 and have, in a section obtained using a cylinder of 
axis A, a triangular, and preferably saw-tooth, profile. 
[0016] Fig. 6 is a radial view of the vanes from inside 
the nozzle, i.e. an output section of the nozzle 10 ob- 
tained using a cylinder of axis A and a diameter equal 
to the inner diameter of the annular members 15, 16 (line 
VI-VI of Fig. 4). 

[0017] In the embodiment shown (Fig. 5), the vanes 
17, 18 are bounded in this output section by head sur- 
faces 22, 23 which form, in the maximum closed config- 
uration of the nozzle 10, a continuous cylindrical inner 
wall 24 of the nozzle 10 (Fig. 5), aligned with the inner 
surface of the annular members 1 5 and 1 6. It will be ap- 
preciated from Figs. 5 and 6 that the vanes 17,18 mesh 
perfectly with one another to define a zero throat sec- 
tion. 

[0018] The vanes 17, 18 (Figs. 4 to 6), also comprise 
respective substantially plane flanks 25, 26 lying in re- 
spective tangential planes parallel to the axis A, and re- 
spective opposite inclined flanks 27, 28. As a result of 
the dynamic action exerted by the exhaust gases on the 
vanes 18, the moving vaned ring 13 is subject to a torque 
such as to maintain the flanks 26 of the vanes 18 in con- 
tact with the flanks 25 of the vanes 1 7 of the fixed vaned 
ring 13, in any axial position of the vaned ring 13. The 
latter, therefore, may be housed in an angularly free 
manner in the housing 3, as its correct angular position 
is maintained by the mutual contact between the flanks 
25, 26 of the vanes 17, 18. This solution is therefore 
particularly simple and economic. 
[0019] It is not necessary for the flanks 25, 26 to be 
plane or axial, as it is sufficient for them to have a com- 
plementary shape and to mesh with one another in any 



configuration of the nozzle 10 so as to prevent the for- 
mation of leakages that could be detrimental to the effi- 
ciency of the turbine 1. 

[0020] As an alternative, guide means (not shown) 
5 could be provided in order angularly to lock the vaned 
ring 13 so that it can only move axially; these means 
may be formed by any type of prismatic coupling, for 
instance a bar/bushing or cable/key. 
[0021] When there are angular guide means, it is not 
10 necessary for there to be contact between the flanks 25, 
26 of the vanes 1 7, 1 8 in any configuration of the nozzle 
10. According to the variant shown in Fig. 7, the vanes 
1 7, 1 8 have an asymmetrical triangular profile with both 
the flanks 25, 27 and 26, 28 inclined. 
15 [0022] The profiles of the vanes 1 7 and 1 8 illustrated 
in Figs. 6 and 7 are fully complementary, making it pos- 
sible to obtain a leak-tight closed configuration of the 
nozzle 10. 

[0023] Figs. 8 and 9 show further variants of the profile 
20 of the vanes 17, 18 in which these vanes do not mesh 
completely in the closed configuration of the nozzle 10 
so as to leave free a minimal predetermined throat sec- 
tion 1 1 even in the maximum closed configuration of the 
nozzle 10, which may be preferable in some applica- 
25 tions. 

[0024] In the solution of Fig. 8, the profile is a saw- 
tooth profile in order angularly to guide the vaned ring 
1 3 exclusively by means of contact between the flanks 
25, 26 of the vanes 17, 18 as in the solution of Fig. 6. 
30 The flanks 27, 28 are not, however, in contact in the 
maximum closed position. 

[0025] In the solution of Fig. 9, the profile of the vanes 
1 7, 1 8 is triangular and asymmetrical, similarly to Fig. 7, 
and there are openings both between the flanks 25, 26 
35 and between the flanks 27, 28 in the maximum closed 
position of the nozzle 10. 

[0026] In operation, the operating fluid enters the noz- 
zle 10 in a substantially radial direction from outside, i. 
e. from the inletchannel 6, and is deflected by the vanes 

40 15, 16 according to their pitch angle to the rotor 4. By 
means of the axial displacement of the vaned ring 13, 
the throat area 11 of the nozzle 9 is chiefly controlled 
between the tapered flanks of the vanes 1 7, 1 8 and only 
marginally between the points of the vanes and the an- 

45 nular members 15, 16. The gases therefore drive the 
rotor 4 in rotation and escape axially through the outlet 
duct 8. 

[0027] The throat section can be varied from a maxi- 
mum to a minimum value in the maximum closed con- 
so figuration of the nozzle 1 0 which, in the case of the var- 
iants shown in Figs. 6 and 7, is zero. In operation, this 
condition causes the flow of operating fluid to stop and 
may be advantageously used, in an internal combustion 
engine/turbocompressor system, in the phases of brak- 
es ing with the engine brake, cold starting and emergency 
stopping of the engine. 

[0028] The advantages that can be obtained with the 
present invention are evident from an examination of the 
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characteristic features of the turbine 1 . 
[0029] The use of two varied rings moving axially with 
respect to one another and having respective pluralities 
of vanes tapered as wedges makes it possible to avoid 
any problem of seizing of the nozzle and also eliminates 
the typical constraints as regards the design of vanes of 
known solutions. 

[0030] If the two pluralities of vanes are produced with 
respective flanks of complementary shape in order to 
ensure contact between these flanks in any configura- 
tion of the nozzle, the moving vaned ring may be housed 
in an angularly free manner in the housing, thereby ob- 
taining a particularly simple and economic solution. 



Claims 

1. A variable geometry turbine comprising a housing 
(3), a rotor (4) supported in a rotary manner in this 
housing (3), the housing (3) defining an inlet chan- 
nel (6) for an operating fluid in the form of a spiral 
surrounding the rotor (4), and an annular vaned 
nozzle (1 0) of variable geometry interposed radially 
between the channel (6) and the rotor (4) in order 
to control of the flow of the operating fluid from the 
channel (6) to the rotor (4), characterised in that 
the annular vaned nozzle (10) of variable geometry 
comprises a first vaned ring (12) and a second 
vaned ring (13) facing one another, each of the 
vaned rings (1 2, 13) comprising an annular member 
(1 5, 1 6) and a plurality of vanes (17,18) rigidly con- 
nected to the annular member (1 5, 1 6) and extend- 
ing towards the annular member (1 6, 1 5) of the oth- 
er vaned ring (13, 12), these vanes (17, 18) being 
tapered substantially as wedges such that the two 
pluralities of vanes (17, 18) can penetrate one an- 
other, at least one of the vaned rings (1 2, 1 3) being 
axially mobile with respect to the other vaned ring 
(1 3, 1 2) so as to define a variable throat section (11) 
between these vaned rings (12, 13). 

2. A turbine as claimed in claim 1, characterised in 
that the pluralities of vanes (17, 18) substantially 
mesh with one another in a maximum closed con- 
figuration of the nozzle (10). 

3. A turbine as claimed in claim 1 or 2, characterised 
in that a first (12) of the vaned rings (12, 13) is se- 
cured to the housing (3) and in that a second (1 3) 
of the vaned rings (1 2, 1 3) can move at least axially 
with respect to the first vaned ring (12). 

4. A turbine as claimed in claim 3, characterised in 

that it comprises guide means (25, 26) in order to 
define a predetermined angular position of the sec- 
ond vaned ring (13) with respect to the first vaned 
ring (12). 
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5. A turbine as claimed in claim 4, characterised in 
that the second vaned ring (13) is angularly free 
with respect to the housing (3), the guide means 
(25, 26) being defined by respective first flanks (25) 

5 of the vanes (17) of the first vaned ring (12) coop- 
erating with respective second flanks (26) of the 
vanes (18) of the second vaned ring (13), this sec- 
ond vaned ring (13) being maintained in the prede- 
termined angular position, in which the first and sec- 

10 ond flanks (25, 26) are in mutual contact, by a 
torque resulting from the dynamic action exerted by 
the operating fluid on the vanes (1 8) of the second 
vaned ring (13). 

i5 6. A turbine as claimed in claim 5, characterised in 
that the first and second flanks (25, 26) have a com- 
plementary shape. 

7. A turbine as claimed in claim 6, characterised in 
20 that the first and second flanks (25, 26) are sub- 
stantially plane. 

8. A turbine as claimed in any one of claims 5 to 7, 
characterised in that the first and second flanks 

25 (25, 26) lie in substantially tangential planes parallel 
to an axis (A) of the turbine. 

9. A turbine as claimed in claim 8, characterised in 

that the vanes (17, 18) have, in a section performed 
30 with a cylinder coaxial to the turbine (1 ), a substan- 
tially triangular profile. 

10. A turbine as claimed in claim 9, characterised in 
that the profile is a saw-tooth profile. 

11. A turbine as claimed in one of claims 2 to 10, char- 
acterised in that the vanes (17, 18) are bounded, 
in a radially internal output section of the nozzle 
(10), by head surfaces (22, 23) forming a continu- 

40 ous inner wall (24) of the nozzle (10) in the maxi- 
mum closed configuration. 

12. A turbine as claimed in one of claims 1 to 10, char- 
acterised in that the vanes (17, 18) are bounded, 

45 in a radially internal output section of the nozzle 
(1 0), by head surfaces (22, 23) forming an inner wall 
(24) of the nozzle (10), this inner wall (24) being 
continuous in the maximum closed configuration 
with the exception of passage openings formed be- 
so tween pairs of adjacent flanks (25, 26; 27, 28) of the 
vanes (17, 18) and defining a minimal residual 
throat section (11) of the nozzle (10). 

13. A turbine as claimed in claim 11 or 12, character- 
55 ised in that the inner wall (24) of the nozzle (1 0) is 

cylindrical and aligned with the inner surfaces of the 
annular members (15, 16). 
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